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(54) FILM MAGNET AND ITS FORMATION METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a film magnet 
wlierein even In the case of its thinned film effective 
magnetic energy can be utilized to make the improved 
performance and reduced the size of a 
permanent-magnet application device possible. 

SOLUTION: A film magnet with the structure of a 
multilayer alloy film comprising alternately laminated 
hard- and soft-magnetic layers 15, 16 on a substrate 3 
in the formation method of which, heating the substrate 
3 to a temperature within the scope of 450-800**C. the 
hard-magnetic layer 15 2-4nm thick per layer is formed 
by sputtering on the substrate 3, and then, heating the 
substrate 3 to a temperature within the range of 
150-650*0, the soft-magnetic layer 16 6-1 2nm thick per 
layer is formed by sputtering on the hard-magnetic layer 
15 to laminate repeatedly the alternate hard- and 
soft-magnetic layers 15, 16 and form the multilayer 
alloy film. 
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H9IBSffi±t, — afcfeb 2nm^i:VM^4rLmcDP$4 
fD 6nin*i;V>b l 2nTa.(Om-^-^--H\^W-^l3mz.mi3'& 

l(^s Re Fei4BT'a$tlSfb^!Kltfe{±SmCo5s 
Sm (Co, Fe, Cu, Zr) 7.07^ SmFeuT 
ix Smz FelTN2©V^T^^A*— 3T*1ifig$tL5-a^ 

[i»«ffl3] mfSBRtt (Nd, Dy) . (Dy, P 
r) . (Nd, Pr) CDV^ftlA^-offeS C: it^^fSS: 

[iS5l<«4] BUfl3|5:^^tt«{iFes Fe-Ni. Fe 
-Co. Fe-Si. Fe-Ns F e -B0V^■r^^*— 

5 ] mtmm.'&mimmm^-^ 1 5 k g&.±. 

mjffi^«*Sffi4 5 OJK^V-.bS 0 Offi0«HcDSSt 
7.^^y }p cfc >) M3B»ffi±CMia«affiii%- 
M^fe?) 2 nm;^(:V^b 4 nm®iP^tJFJ^bs ij^fctuBB 

5 ojK^cv^be 5 om(Dmm(ows.izi3m 

bJ X^:5y^^{ci6B!i8BiE«ttJl±tH(JJBMtt«S- 
«fcfet) 6 nimJ&vl-vbl 2 nm©J^$CJKJ5ebx tJSBS! 
i:mjfBto<^»%2S5ta t) b«fl bT#«^ 

R-Fe;-B"^^$tl5-a^4iJ'-'i''5' bfcfflVV 
mJlBI^?ittJif±s| F el Fe-Ni. Fe-Co.:Fe 
-S FerNafesv^{iFe-B■^?a$■^^5-gr^cD■5 

4 5 OjK^cvvb 5 5 0kotSHOSl6}::iDfiibr:^>'i«y 

;5'fcj:b^%ffMbs mzmmmR-^m&i 5 ois:fev> 

b 6 5 OjKffl|gB©£KfcAni^bT. tuIBilMffiilifc 

mmmk'&m^ 7. M ^^-0^)4 b hsb® 

^^tt«};mft3li:affil%3feSfci^bJgb«)lb> Rj F 
euBiis Fe. F|e-Ni. Fe-Co. Fe-S 
Fe-N$l^.vS{iFe-BCD•5t.®V^■rt^4^— o*> 



fcHB«©)iits©ffj^*?So 

tW*JS9] SulB«M{iSni-Co-t'a^ti5-^ 
^*;J'-y>y htfflV>. BulBiCiifiBfi, Fe. Fe- 
Ni> Fe-COs Fe-Si^ Fe-N^feSV^{iFe 
-BT-^$tlS^^ffl5 t>ffll^■rn*^— h 
tfflV^s |ij|B*M*«Ba6 0 0S*V^b8 0 Ofiffl^affl 
®SjKtin^bT;5^/'i>ycS'{c:j; D^^Jf^^b. ^tmiia 
5 OKJfev^be 5 o^oSigfflcDMStin^ 
bT. mjiB®affia±l::|fiaB«ffil*;^^"!y;$'{c:J: D 
Ji<feJf$^bfcm. 1lijgBMt41i;BfjfH»:St14a%2g5t 
llt)jgb«jBb. SmCosh. Fe, Fe-Ni. F 
e-Co. Fe-Si. F e -Nfe3V^{iF e -BCOd 

^mtrs^^JH 7 tfB«®lii^5®J]^j^;^?*o 
CW««10] fjlBgatSattSm-CoT-a^tt-S 
^<fe^J'-yy h{3MV\ mrlBUtSSeJStt. Fe. Fe 
-Ni. Fe-Co. Fe-Si. Fe-NfeSV^{±F 
e - B r-a^ tlS -^^CD -5 -fe ® V^■r^^A>-'^ * ^ - \y 
h BuiBS«4gfii 550iK*V^b750 «CD|5 

H®Siefci;ni^bT;^>'i>;'^5'fcJ;Di^*?K^b. ifcCStr 
iBS«%ffiffil 5 0«;5:V^b6 5 0«O^Hc0^gaPCin 
^b-C. HufBS!!Mttjl±tHffg3ifeMaB«;^/l^y^{-J; 

ti^»)5gb»«b. Sm (Co, Fe, Cu, Zr) 

7.07^:. Fe. Fe-Ni. Fe-Co. Fe-Si. 
F e -NfeSV^{*F e -BcDafe©V^-rtl*>— oA^^,:fe 

im^m 1 1 ] mmmmmmit sm-Fe-Tir-^ 

e. Fe-Ni. Fe-Co. Fe-Si. Fe-Nfe 

SV^{iF e - B7?a^tlS-^^CD5 
^-y.;, BUlBa«*m4 5 Oft:feV>b6 0 

,0 «CD«H©^SfcM bT X>'1 ^5' fc i J^^Jf^fiK 
b. iRtHtrl3ai«*«R 1 5 OK:ftV%b 6 5 0JK®$5H 
©SiSCSDS^bT. BulB?SJ^ffiS±trBu9B®:Mffi«<£y^ 

ttji^5SSt^f)igb««b. SmFeuT ii:. F 
e. Fe-Ni. Fe-Co. Fe-Si. Fe-Na& 

5 V^tt F e - B CD -5 fe) © V-i -r tlA^— o f, S #S^^ 

[«*ffll2] B(fl3SH^ffi«{±Sm-FeT'a$tL5 

^^4^-^-; h \zm\\ iu83t5:«ttJl{iF e 
fifBS«^fSRi4 5 OJt5fcV^b5 5 0«CD«H©?g«C 
jjBl^bt. tui3^«±tmi«3«ttjiS;^/^';'^'td; ?) 
mtiM^X^. ifct Hug3«lg*»ta 1 5 0JK*:l\b6 5 0 
SE ©ifig ffl © ?g|f£ C ini^ b T . migBSGSffi® ± t hu gBili};!! 
^4«^;^^^•'>'^tcfc^)ll<£^g^bfe». MSBSgSSffiili: 
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a bT S m2 F el i^Nz :i:Fe-N*>^)^S ^M-^^M 
[0 0 0 1] I I I 

M-rs. ■ I ; : • : 

[0 0 0 2] 

mmsa^WfUZ:^ a fc *5 r {±^So A> ffl^Bj3 /fe ^ ixx *5 

W¥4-9 9 0 1 0^), 
[0 0 0 3] 

s i: v^ a r^ffi^ * fe#±«SHttt«*4ip-#;^ s v> {4#± 
[0 0 04] 

(1) K:i^*;i'=¥«**b. ««±^;:sl^8t^«it^)^M^4 

^ ^ 2 1 « IB b fc # JI JK * * t- S « 5 C *5 V ^ 

BUac!^^IK±fc:s — SJ&fc *) 2,nm^V>b4 nmCJP 
^4:*bJ?$?5fqIt»;)?ffi^4)OHiJS3«ffiJik. -JS 
afefef} 6nm^i;V^bl 2 nmfflff^ b^$:?^|Rjfc:M 



(2) Mf3ffi^ttt;f{dt#±«julg<£Ri:b*::^^. 
Fe,4BT-«^nsfb^i|!l**:ttSmCo5. Sm (C 
o, Fe, Cu. Zr) 7.07^ SmFe„Tis Smz 

(3) mSaRtt (Nd, Dy) . (Dy, Fr) . (N 
d, Pr) OV»-r*l3!)»— 

(4) Hijf3l^5^ttji«F e. Fe-Ni, Fe-Co. 
Fe-Si^ Fe-Ns F e - BOV^•r^^i^— oT-«M 

( 6 ) mjf3«ffi»^:BU§B^I^)^^i^^feS®;p^®lt*s 1 

(7) I«ai;?.;l/d(^«4*b. A«±t®EK14JBi;ifii!M<4 

b?!if&]i-&^M^*-rsM«H5CDJF$^J(;^ 
^^CtJV^T^ Bljl3S«^fIBa4 5 0ffi^V^b8 0 OfifcD 

b. i^CtCBSiaaffi^^K 1 5 0flf*V^b6 5 0|iP®$5H 
©?&fttAnfl(b, :;^>''?>;'^S'CJ:t)Bul3SS«f4«±CluI3 
D;^ttt**-j■fc*:»3 6 nm*V^b 1 2 nmOjP^ fcjg 
J5Kbs mitH«ffiJlhB?i3Mt4Ji*2SEiEfc^»5JgbS^ 

(8) HU33ffli^i4m^±«7n^*Ri:bfc«^. R- 
Fe-B-?:a^tV^^^^;5'-y>y hCfflV>^ stllBtfea 
Mii. Fe. Fe-Ni. Fe-Co. Fe-Si. 

F e -N2feSI/^{±F e -B-??g^nS'^^©a •fe®V^■r 
tl*''— o*^--!7'>y hCfflVv Huffl«*E*MBa4 5 0* 

m^Wi^mi'. ifiizmmmR^mssi 5 o«:fev^b6 5 0 

a©l5H©?a*t»bT. fii3®MttiI±fcBfiH3U;M 

ttji*;^^iy^K:j:t)ii^£ji$^b*:^x mmmm^imt 
irl8tt^^ffiJi*^ssts^3^gb«;ib^ RzFeMB 

t> Fes Fe-Ni. Fe-Co. Fe-Si. Fe 
-Na^-5V^{±F e -B0•5■fe®V^-r^^*»— 

(9) mfl3fflat4;gttSm-CoT-S$tlS^^4iJ'- 

y>vh}3fflV\ mIiBtt?gH4ji{is Fe. Fe-Ni. F 
e-Co. Fe-Si. F e -N*-5V^^iF e -BTa 
$^^■5^^®•5■fe®V^•^'^^A»— o:&^'-/;'>y bCfflV^x 
Hu8B**E<£g|ffi 6 0 0S*:V>b8 0 OjK®l5H®fi|gt 

ftl 5 0JK^V^b6 5 0JK®$5HfflSatinSbTv tu 

b&^. Brff3JEaffiiBi:HuS3«S:?^ttJi%3S5fc:«gf)igb 
aSU SmCosh, Fe. Fe-Ni. Fe-C 
o. Fe-Si. Fe -N^feSV^{iF e-B®d"i&®V'i 

(10) g^^f3®^^f^feffl{iSm-c o-e^^tT.-s^^fe&^j' 

-•y^J'htfflVN. miI2Wffi«{±. Fe. Fe-Ni. 
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F e -C F e -S i. F e -Nafe^V^tiF e -BT* 

\)MLmmi^s Sin(Co, Fe, Cu, Zr) 
7.07^s Fe, Fe-Ni. Fe-Co. Fe-Siv 

(11) mjf3®MffiJSJ*Sin-Fe-TiT*a^ti'5^ 
Ni. Fe~Cos Fe-Si^ F e -NafeSV^^iF e 

StS^MKil 5 0a:feV>b6 5 0 JgCD«Hc7)SJ?t3|jn» 

ilbJgb««bJ SmFeuTii:. Fe. Fe-N: 
iJ Fe-Co.i Fe-Si. F e - Nfe^V^ii F e ~ 

(1 2)\mmmk&mitsm-F e^m^n^^^^i^ 

. tm&4 5 0;a?i^]^b|5 5 OJgcD^gfflCDSjK^iP^b 

^b. i5!:t::mjf3S*k*igK 1 5 OJe)fev^b 6 5 OjRcD$g 
HcDSJgfcMf^bT^ Ml3MSa±tcMH3©:^^ffi]f^ 
;^y^^^fcj;;?3^4fl^^bfe^. HuSBWeWhHuia©: 
^iffiji*3SS:^::«?3jgb«jib. MV^TS^#ffl^t?^T* 
Kfi;4 0 0|g:feV^b5 5 OJS(^|gffl0fiJKCf^^za^bT 
Smz F enNg t F e -NA^^:^§^jB^^ll*jr$^Ji 

[0 0 0 5] i ; 

mncowmmx^ m2itm i (DWM:r^mmi.tci-^^m(D 

h 2&3S^t^ cni:*f[Rj^H^T4 OmmCORilR^iS 
^S«3«r»EW>f^4t::ia»bTV>^o S*S3{ib— 

mi(D^-^^y h 2 h*«3 0DP^j::tt;:<yi^y^:f^;]^{;:^ 
let ^S^*»|girftift-S 0* < ^ 



SfcTy'-FftMl O^BBSU :7>f ^;>(> h^^gg J:: 
J:?}y^^;>^>N *Mb^S^%^^$^T:r y - F 
1 0-^^»^ j;5^CbT:feDx :7^5^>hSJi9 

[0 0 0 6] ^*^tiCcDJ:a>5:^g*S^J::*5V>T> 
attNd-Fe-BT^^^tl^^^^fei^-^^y^y \>\zm 

»Wigb}^c%cD:&fflV\ W>2(D^—>fv Y 2 ltt$«Fe 

«1 3^1l^b:^dt*^5>StS:&m5 0 OjK^::iD^bT*J 
:7^^^>ba;ji9^i^SbTy^'Y'^^>h 8*Jn 

^b&^> T;l/Z^>:;?^y^#A^^Vl/>^l 2*||V^TT;i/rf 
>;«?;^*ziXbs flEi;#8 x l O-^t o Tv\zf^:bi.o 

^3fi^b*:o TJ-Ynm^mm\^x^—>fvvnM^ 

0. SAJCbfc^. 5St>*5 l^r^bfe^^^ 

-y^y hSMTtcJ; Dft©ia^«H3 0 0 V^ffJJnbT 

3 o^p^i^^»x^^^y^4fTV^. >>'^y hafflco^fh^^ 

3fefcr*p^*b^ %i<r>i/^v^^(Dh^'^m\\x7s)^v^ 

*ffv^^ -jgfefeD 3nm(DJ¥^cDM*fl$/SibT^l(D 
^y^^^5*fflbfeo i}:fc:ll2©$^-\-^>^ 5 i^rav^T 

:^/1y^^*^TV^. 9nm(Dj¥^CDJK*ffJ^b 
T^>^^y<^ 5 1 ^^BBbfeo J^:l±(Z)^{t^ 1 0 OEl^tiJg 
b> ^#:(^);p^*^j^l. 2 >am0«gM*Jfmb;^^o z. 

(Dm. nv^n^mm\^^2xio~eTorr&.Tizmm 

b^ S«SJg:^)^^g^j3:^6^'^^^^r^b:feo 

[0 0 0 7] ±m(DmTm(Dmrmmiz:^\^^x. 

a^fc ?) (Dmm^t^ 1 2 nm*^;i -5 tmm^^m 
^izmmt^^\:.^tcimz^mtjw&r't^(Dxm^t^ti^ 

MS^#:^bT®fia«8IYb©fqI±;i)«+^^3&<. Sfc 

mm^. ±i^hiLxcomMm^t^'^<hT^cDx^mt^ 

1 5 0S^::^7^)fev> 

5 5 om^m^^t^^^i)m:k^h\.xm^:^^^(Dm:^\t 
Kfii4 5 omzmr^^j^v^t^^^Mttiibumtjt^d^^ < 
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5&: bS!;iUA'*v\^i:A^i3A>-3fco CCD J:5 '&;tt^^dA»?>^ 
JUgJacDffM®:;^ ?S i: LTttMffi JBT-fe S N d - F e 

b5 5 OjffiCDSiSffl'?— M^fefct)OMCD^^^2nm5S:V^ 

b4nm®-a-^^^Ji$^b. tfci?^^14«T-feSF e $ 
;^-'i-;;^'t<t 1 5 0|iP;&v>b6 5 0;Kffl 

#SH-??— ?3 cDJKcDiP^ * 6 nm>5:^^ b 1 2 nmCD 

«^ascaji-rs«#^£ i o omr^fjig^iiitj; d 
3 (D±izmMiim 1 5 i^Mtsg 1 e ifi^siizm 
■(mLr^mm^ommmim^^^^Ltcrnx'^^o mm 

■ ;V=¥=fl|/^)S5 OMGOe ^M^TV^feo CCDJ;-? HfS^^;)^ 

f tffl tlSfiHiffiM® N d - F e - B (i#±M7C^ 
Ndtf(i^T. lRlb#±M7ic|gT"^-5Dy*fe{iPr?fe 

>i'^^::fflV^^.^vSFe®■flb{3Fe-Ni, Fe-Co^ 
Fe-Si. Fe-^r*SV^{iFe-B^DV^■r^^*'®— 

[0 0 0 8] iJ^Ts #ffl(Cr3V^TlttB^T-5o ±M©«fi)$ 

[0 0 0 9] ^}cmzmmommiz'r:>\,^xm.mTz. m 

imM(Dmmtm\:>mw:^m^x. mm&mifNd-F 

-Cos Sm-Fe-Ti*fflV^. fifeMttMttFe^^S^ 

^M-^^jmmmTz^'^i^i'ouxmm-rzo mimm 

ifi^l Sm- C o ^ Sm- F e - T x-^m^tl^mMitm 

«{i«tl-€'tlSmCo5^fe{±Sm (Co, Fe, C 
u.jZr) SiiiF euT i h^cSo SmCost 

<,:JSK6 0 0j^(4^i?'^:feV^tSm2 C O „ffi*S;gT:Lm^ 



^sjgsme 0 0JK5&v^u8 0 om(Dmmx'mfS.t^:i 
tx-mm^mrnx'^fco i!«tt«*ssm (co. 
Fe, cu, zr) y.oyo^^s ^mcommt^m 

ft? 5 Oie<£S^5i:|ftoffl0ffl:^YbCJ;t)M«®lf> 
<. RffiS 5 OjSftc^fc^tV^i: 2^:&8|*s^c;e,-r+^ 

fco -^CT?. iffimSJiT-feSSm (Co, Fe, Cu, 
Zr) 7.07fi;=^''^°^^^fw<t DS^SMSS 5 0SF5feV^ 

^fefcs ffl«ffiSAsSmFeiiTiO«^{c{i, 

i^m(Dumifim& 6 0 om^m^^tmmifim-xiti.x 

m^:^m(om:^mm <b iHs^^^cDX-m^i^ti: <. ^tzyt. 

#±!SffllKt4ffl'e*SSmFeuTi{i;:^>'^5;^'{c; 

J; !) Sffi^gflfSlJK 4 5 0Jg^l^b 6 0 OS©fIi5fflT?JF^J5!o 

y htc:mv>e)tvSFe0ft!iC:Fe-Ni. Fe-Co, 
Fe-Si> Fe-Nfe5V^^iFe-B©V^■r^^A»0— 

[0 0 10] m^xmznm(Dmm\z'o\,^xmmt^o . 
ffl^^t^S{iSm-Fe•^«$^^a-&^^t?-yy 

v-^x ^mm\tF e^i^-^v v\zm\^xz(Diiottm 

MffijlA^Sma Fei7N2 ^ttSA'Feg 

l®^M^«^^r*^v^T^l0^— h2{ifiMtf®s 

mi;Fe®m-7-J-t*5 2 : 1 7 t S i d t t5»s^ig b 
*)®*fflV'>. l8 2 0^-y<> h 2 1 JiMF e4fflV^TV^ 

nm^nmT^:r.m^x-itm\:,X'^^tK zcoi^m^^ 

K^nO. 35atin, 0. 6 5 a t mh^ftS J: ^ tSU 

SbT 1 2 0 ^mmmm^noism-^k.-ofz. 
A «Mie *s^s c ^ s a T- ^^SP b o 
[0 0 11] ±m(omm^(oBf&:^mzii\^x. eiistt 

ii*sSm2 Fe„^®«#, ^-^OSgis^BaS 

5 0jg*M;?.Si:^ffl*s«t:;t-ftibTJf^??fPl®M:*ttA5 
^# e.n55;V^©T-3a)IIAs«; < , Sfcp^y^ y l^fflSSAsj^ 
a4 5 dg|Cs!iSfc«:V'>i:#gSi:^»3^MiJ*vjN$<5&; 
!)3aIlR*s*tv^::fc*s^^A>^feo g^b^®SJS*sm5 5 

^m.^m^^hmmt^^mhxm.^m'&tmti:t>fi(D 

T'^«A5*c<. RK4 0 0SPt^Sfc^i:v^i;^^b*5+^fc 
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b*«SKm4 5 0J*^tV^b5 5 0«©®H-?!— Jfjfe 
fz !3 ®M©*^* 2 nm;fe V^ U 4 nm®-^^M*ff^^ 

^Kl 5 OjK^cv^te 5 OacD$5HT*— flfefebtDM© 
* 6 nm*cv^ 1 1 2 nmcD-^^M^fl^JSlo-r-S t i:* 
Wtt«i:^Mffifl*S«#H»ffiT'»EBo4 0 Oft 

^cv^b5 5 OSeojfeH-CI^Ma-rS^tfcJ;!; SmgF 

^#ffi^MS:i:^i *y^x;?.;i/df«A5 5 0 MG Oe -^^^ 

(D-emm-^^ \ \ \ \ 
[0 0 12] '^fe^i^4k«go?l^^icov^Ti!^w■rs« ± 

^ffi-fb^-H-s #±^©«tt«i:Fel^!0;Mtt«*>^5S: 
WcD^S/^JANdz FewBs SmFeuTi®;©^, 

^J'P#C!3^|g?UjRmSB5 2 0;g:feVAb2 0 0 S<Z)$gHt?J5g 
mt^o ^tz. Mttji*sSmCo5. Sm (Co, F 
e, Cu, Zr) 7.07O®-B•fc■:3V^■r{*^ m^MU&lt 
mSi4 0 0««v^b8 0 0aEit•J-S^:^;"^?^a4«»^T' 



mmx \tmm\z^m7,nyi>:tm\^fztK M?^mm. 

[0013] 

mmcDmm u±.mm\^tzi.o\zi^%m\zi:.Mt. m 
So ^(Dfz}i>mm-^n<\^x^Mmtjim%:^^)v^t'^-\- 

[EK®miii:fcfiB^] 

[EI 1 ] :^mmmmE(Dmmzm\^fz^m-^v^ v n 
[0 2] ■^mnxn^Mzim^cDmjs.-^m'rmmm. 

[E3] *^B^T-#«)^t&M5®KMmi^tt*^-r 



[Bt4] M?S8ffliKi:y^-: 
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1 :m2(0i^—ff>v Y 

1 : tl5 2ffli^-v S'^' 
: t-^ 

: ^— haji 
: 

1 0 : Tj-v^mm 
1 1 : T^-Ymm 

1 2 : 

1 3 : b— ^'S® 
1 4 : 

1 5 : m^mi 
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